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SUMMARY
T h i s  t h e s i s  r e p o r t s  o n  a  s t u d y  o f  t h e  i n t e r a c t i o n  o f  m u l t i p l y
charged lons  v i th  soL id  sur faces .  Three d i f fe ren t  aspec ts  o f  th is
in te rac t ion  have been inves t iga ted :  ion  re f lec t ion ,  spu t te r ing ,  and
secondary  e lec t ron  emiss ion .
For  the  purpose o f  these inves t iga t ions  tvo  exper imenta l -  se t -ups
vere  cons t ruc ted .  Both  se t -ups  cons is t  o f  an  UHV co l l i s ion  chamber ,
equ ipped v i th  a  ta rge t  man ipu la to r  and an  e lec t ros ta t i c  ana lyzer
(ESA) ;  one se t -up  conta ins  a  lens  sys tem to  deceLera te  the  pr lmary
beam,  and prov ides  magnet ic  sh ie ld ing  in  o rder  to  measure  secondary
e lec t rons .  Mu l t ip ly  charged ions  are  ob ta ined f rom the  ECR ion  source
at  the  KVf .
Ion  re f lec t ion  has  been inves t iga ted  fo r  20  keV mul t ip ly  charged
Ne,  Ar ,  and Kr  ions ,  imp ing ing  upon a  po lyc rys ta l l ine  tungs ten  ta rge t .
Energy  and charge s ta te  d is t r ibu t ions  o f  sca t te red  ions  have been
measured.  For  p r inary  charge s ta tes  up  to  B+,  onJ .y  s ing ly  and doub ly
charged re f lec ted  ions  are  observed.  Hovever ,  fo r  p r imary  charge
s ta tes  exceed ing  B+,  a lso  t r ip ly  charged sca t te red  ions  are  observed,
and the shapes of the energy spectra change. An explanation is given
in  te rms o f  inner  she l l  vacanc ies  in  the  pro jec t i le ,  vh ich  may surv ive
the  co l l i s ion  event  and g ive  r i se  to  au to ion iza t ion  on  the  vay-ou t
f rom the  sur face .  The shape o f  the  measured energy  d is t r ibu t ions  is
c o n s i s t e n t  v i t h  t h i s  i n t e r p r e t a t i o n .
T o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  e l e c t r o n i c  s p u t t e r i n g ,  a
s i l i con  ta rge t  has  been bombarded v i th  20  keV mul t ip ly  charged Ar
ions .  Both  charged and neut ra l  spu t te red  par t i c les  have been measured.
The secondary  ion  y ie ld  inc reases  v i th  inc reas ing  pr imary  charge
s ta te ,  bu t  i s  on ly  a  smal1  f rac t ion  ( (  I7 " )  o f  the  to ta l  spu t te r ing
y ie Id .  I t  appears  tha t  the  to ta l  y ie ld  ( ions  p lus  neut ra ls )  does  no t
depend to  a  measurab le  ex ten t  on  the  pr imary  charge s ta te ,  I t  i s
conc luded tha t  e lec t ron ic  sput te r ing  does  no t  con t r ibu te  s ign i f i can t ly
to  the  e jec t ion  process .
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Exper iments  on  secondary  e lec t ron  emiss ion  have been car r ied  ou t
fo r  mu l t ip ly  charged Ar  ions  imp ing ing  upon a  po lyc rys ta l l ine  tungs ten
targe t .  The to ta f  secondary  eLec t ron  y ie ld  as  ve I I  as  e lec t ron  energy
spec t ra  have been measured fo r  a  b road range o f  p r imary  energ ies .  For
pr imary  charge s ta tes  up  to  8+  the  to ta l  secondary  e lec t ron  y ie ld
increases  I inear ly  v i th  the  po ten t ia l  energy  o f  the  pro jec t i le .  Th is
suppor ts  the  p ic tu re  tha t  the  neut ra l i za t ion  and deexc i ta t ion  o f  the
ion  occurs  in  a  number  o f  smal l  s teps .  Hovever ,  fo r  the  h igher  charge
s ta tes  dev ia t ions  f rom th is  scheme are  observed,  vh ich  is  ascr ibed to
the  presence o f  inner  she l - l  vacanc ies  in  the  pro jec t i le .  The f i l l i ng
o f  these vacanc ies  occurs  in  one ' la rge '  s tep ,  and resu l ts  in  the
emiss ion  o f  fas t  secondary  e lec t rons .
In  the  e lec t ron  energy  d is t r ibu t ions  fo r  Are*  a t  lov  impact
energ ies  (e ,g .  500 eV)  a  peak  is  observed a t  an  e lec t ron  energy  o f .  212
eV.  Us ing  a  s imp le  mode l ,  th is  peak  can be  a t t r ibu ted  to  the  f i l l i ng
o f  the  inner  (L - )  she l l  vacancy  in  the  pro jec t i le  v ia  an  LMO
auto ion iza t ion  event .  Measurements  o f  the  Dopp ler  sh i f t  shov  tha t  th is
au to ion iza t ion  event  occurs  be fore  the  pro jec t i l -e  ac tua l l y  h i ts  the
sur face .  In  the  e lec t ron  energy  spec t ra  fo r  h igh  impact  energ ies  (e .g .
20  keV)  the  2L2 eV peak  is  no t  observed.  Ins tead,  a  b road s t ruc tu re  i s
observed a t  lover  e lec t ron  energ ies ,  vh ich  ind ica tes  tha t  the  ion  h i ts
the  sur face  vh i le  i t  s t i l l  con ta ins  the  inner  she1 l  vacancy .  Th is
in te rpre ta t ion  is  in  accordance v i th  the  ion  re f lec t ion  measurements .
E s t i m a t e s  o f  t r a n s i t i o n  r a t e s  s h o v  t h a t  t h e  f i r s t  n e u t r a l i z a t i o n
event  a l ready  occurs  vh i le  the  pro jec t i le  i s  s t i l l  tens  o f  À  avay  f rom
the sur face .  From the  measurements  i t  appears  tha t  fu r ther  decay ,
inc lud ing ,  a t  lov  p r imary  energ ies ,  the  f i l l i ng  o f  the  inner  she l1
vacancy ,  occurs  to  a  cons iderab le  ex ten t  be fore  the  pro jec t i le
ac tua l l y  h i ts  the  sur face .
F ina l l y ,  i t  can  be  s ta ted  tha t  the  inves t iga t ions  descr ibed in
th is  thes is  cont r ibu te  to  a  be t te r  unders tand ing  o f  the  in te rac t ion  o f
mul t ip ly  charged ions  v Í th  so l id  sur faces .  An impor tan t  conc lus ion  is
tha t  p rocesses  occur ing  on  the  vay- in ,  s ta r t ing  a l ready  a t  a  la rge
d is tance f rom the  sur face ,  p lay  an  essent ia l  ro le .  ïhe  present  resu l ts
prov ide  a  use fu l  s ta r t ing  po in t  fo r  fu r ther  inves t iga t ions .
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